Introduction
As beams of increasing intensity and brightness are used in accelerators, the details of the transverse phase-space distribution (the emittance) become IWOUT more important. The electric-sweep scanner (ESS) described here measures a two-dimensional emittance and was designed to overcome some intensity and angu-DEFLECTOR PLATES lar resolution limitations for low beam energy in the FRONT SLIT slit and collector type scanner used at many accelerators. Electric-sweep scanners were built for measurements in both planes on 20-and 100-keV H-beams operating at 5 Hz with a 1-ms pulse width. The four scanners are identical except that the deflecting plate gap g was smaller for the 100-keV models because the required scan angle xm was smaller. With this choice, the required ramp voltages are nearly identical, so that a single transistor ramp generator can be used. The ESS, shown in Fig. 2 , can scan a beam of radius ±5 cm. Most of the beam power is dumped on a cooled plate shadowing the front slit, and the heating due to current passing through the scanner is negligible.
The scanner cup bias ensures that there is little or no response to neutral particles or secondary electrons. A list of pertinent specifications is given in Table I . From the space-charge consideration D should be less than %7 cm for a 0.1-A, 20-keV round beam of 1-cm radius; therefore, in this case the angular resolution will be degraded from the mechanical limit.
The ramp generator drives a single plate from +Vm to -Vm at the desired time in the pulse, with a typical 200-uis ramp time. A typical scan covers ±2 cm, with both the mechanical step size and the angular scan width selectable. Typical scanner current, ramp voltage, and beam-gate pulses are shown in Fig. 3 . The bandwidth of the scanner-current amplifier is 1 MHz, hence the ramp time must be >200 ps for the 20-keV unit to avoid limiting the angular resolution. Digitizers record the scanner-current and ramp-voltage waveforms, and the data are reduced in the computer to a format of 48 bins in angle by 50 bins in position. Plotting the data in isometric form on the graphics terminal limits the measurement rate to %0.4/min. At our pulse rate, 10 s would be required even if stepper motors and data reduction were very fast. The computer program can calculate and display phase-space contours, rms emittance, emittance versus beam fraction, and Courant-Snyder beam-envelope parameters.
The calibration of the 100-keV scanner was tested by analyzing a beam from a phase-space collimator, consisting of two 4-mm apertures spaced 25.4-cm apart. After a final drift of 4.4 cm from the end of the collimator, the allowable phase space is as shown in Fig. 4 . This calculated outline is superposed on the phase space measured at the lowest possible contour level and is in good agreement with the measurement. The 2-mm displacement is due to the collimator mount. Top, plate at a Discussion The ESS is most useful at low energy and probably would be impractical beyond a few million electron volts because of excessive scan voltage required. The length of the scanner is determined primarily by the required angular resolution and the precision with which the small slit width s can be maintained. This slit must be thin enough to pass ions with angles ±x' without collimation. Construction of a 5-cm-long scanner with resolution ±1 mrad seems practical. Emittance is sampled over 50 beam pulses and over the time of the ramp voltage, thus the measurement gives neither an average nor a snapshot. One might expect that beam pulses are identical but that there is time variation during the pulse. We limit the bandwidth of our scanner-current amplifier to 1 MHz to reduce extraneous noise pickup but with our scanner currents of 1 to 10 pA, it should be possible with improved shielding to reach a 10-MHz bandwidth, so that the ramp time could be reduced to 20 ps.
